Background/Aims: Since the combined actions of lncRNAs and miRNAs have been considered to be involved in the occurrence and development of various neoplasms, the main purpose of this study was to discover whether and how lncRNA H19 and miR-194 influenced the epithelial-mesenchymal transition (EMT) process of colorectal adenocarcinoma (CRA).
Li-bo Sun vector (Gene Pharma, China) to construct pCDNA3.1-H19 plasmid. Also, miR-194-5p mimics, miR-194-5p inhibitor, negative control (NC) were all purchased from Qiagen (CA). They were transfected into cells using Lipofectamine® 2000 (Invitrogen) when the cell confluency reached 90%-95%.
Quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR)
Total RNA was extracted utilizing TRIzol (Ambion), and its concentration was measured with NanoDrop 2000 spectrophotometer (Thermo). After reverse transcription (RT), cDNAs were synthesized with assistance of first-strand cDNA synthesis kit (Biomiga). Then PCR was carried out based on the primers (Biotech Bioengineering, China) shown in Table 1 , and GAPDH or U6 was set as the internal reference. The PCR reaction system (20 μl) mainly incorporated cDNA(1 μl), 2×Master Mix (10 μl) and ddH 2 O (7 μl). And the PCR reaction conditions were displayed as: 1) pre-denaturation at 94 °C for 2 min; 2) 35 cycles of 94 °C for 30 s, 60°C for 30 s and 72°C for 30 s; and 3) extension at 72 °C for 5 min. Subsequently, 5 μg PCR endproducts were handled with 1% agarose gel electrophoresis. Finally, we utilized ChemiDoc XRS gel imaging system of the Bio-Rad company (USA) to conduct grey scanning, and applied Quantity one-4.6.2 system for analyzing the results.
CCK-8 experiment
The cells were inoculated into 96-well plates at the density of 2000/well after digestion and centrifugation. The initial time when cells attached to the wall was set as 0 h, and CCK-8 kit (KaygenBiotech, China) was employed to examine the optical density (OD) values at the time points of 0 h, 24 h, 48 h and 72 h.
Colony formation assay
After culturing the cells for 1-2 weeks, pure methanol was added to fix cells for 15 min, and crystal violet was supplemented to dye cells for 20 min. Then we washed the staining solution away, and the Petri plates were observed under the microscope. A segment was labeled on the plate, and it was set as the scale. At last, we counted the cell colonies whose diameter was ≥ scale size.
Transwell experiment Matrigels (BD, USA) were diluted at the ratio of 1: 5 and were then spread evenly within the upper chamber (Corning, China) at 37 °C for 30 min. About 8×10 4 cells were digested, centrifuged and counted. They were added to the upper chamber, and 200 μl FBS-free RPMI-1640 medium (HyClone, USA) was also supplemented. Extra 600 μl RPMI-1640 medium was added to the lower chamber. After 24-hour cultivation, cells were fixed with methanol/acetic acid (v/v: 3:1) for 15 min, and were then stained with Giemsa for 10 min. The inverted microscope was utilized to count cells within 5 views, and the average value of the counted cells was considered as the number of invasive cells. Besides, the migratory ability of cells was evaluated nearly in the same way as measuring the invasive ability, except that Matrigel was not layered.
Scratch experiment
The transfected cells were seeded in 6-well plates at the density of 8×10 4 . A sterile tip was employed to draw lines in the hole, and hardly any cells grew within the crossed places. We utilized a microscope to observe the widths between the scribed cells, and cell migration ability was determined according to the following formula: healing degree =
Western Blotting
We applied RIPA lysate for extraction of total protein, whose concentration was measured with Anthos 2010 microplate reader. Then we adjusted the protein loading volume to 120 μg/well, according to the result of protein concentration. The sodium dodecyl sulfate -polyacrylamide gel electrophoresis (SDS-PAGE) was carried out under 100 V for 2 hours, and films were transferred under 300 mA for 1 hour. Next, the PVDF membranes were fetched before the required bands were sealed with 5% BSA at room temperature for 2 hours. Subsequently, primary antibodies for E-cadherin (mouse anti-human, 1: 500, Santa Cruz Biotechnology, USA), N-cadherin (mouse anti-human, 1: 300, Santa Cruz Biotechnology, USA), vimentin (mouse anti-human, 1: 300, Santa Cruz Biotechnology, USA) and β-actin (mouse anti-human, 1: 300, Santa Cruz Biotechnology, USA) were mixed with the cultured cells at 4 °C for overnight. On top of that, we added goat anti-mouse/goat anti-rabbit secondary antibodies (1: 2000) that were labeled with horseradish peroxidase (HRP). The samples' membrane surfaces were coated in a dark room, according to the instructions of chemiluminescent kit (Beyotime, China). Finally, films were exposed to X-ray, and the protein bands were developed, fixed, scanned and quantified using Quality One 4.5 software.
Double luciferase reporter gene assay
We took the advantage of PCR to amplify H19 cDNA fragments that included specific miR-194-5p binding sites, and then cloned them into the luciferase reporter vector (i.e. psiCHECK2) to produce H19 Wt. Through a similar way, H19 Mut that contained mutant sequences at the miR-194-5p binding site was constructed. Subsequently, miR-194-5p mimic and miR-NC were, respectively, transfected into HT29 and RKO cells that have been transfected with H19 Wt, H19 Mut and psiCHECK2. After 48-h transfection, we added 100 μl PLB buffer to each well and collected 20 μl cell lysates after 15-min shake at room temperature. The cell lysates were then applied to the luminous panel, and the background values were scanned for 2 seconds with GloMax bioluminescence detector. The experimental values were also scanned for 2 seconds after addition of 100 μl LAR II solution to each sample. Finally, we added 100 μl Stop&Glo® Reagent into each sample, and examined the results with the luminescent detector.
Statistical analyses
The whole statistical analyses were performed via SPSS 17.0 statistical software. The measurement data were expressed as mean ± standard deviation (SD), and the enumeration data were presented as percentage (%). The multi-group comparisons were processed with one-way analysis of variance (ANOVA), and inter-group comparisons were managed with Bonferroni method. A P values less than 0.50 was deemed as statistically significant.
Results

H19 and miR-194-5p expressions within CRA tissues and cells
According to the TCGA Data Portal of starBASE v2.0, we found that H19 expressions were significantly distinct between cancer tissues and normal tissues (P<0.05) (Fig. 1A) , and H19 expression within CRC tissues was remarkably beyond that within adjacent normal tissues (P<0.05) (Fig. 1B) . Also a negative correlation between H19 expression and miR-194-5p expression was found among the 299 CRC samples (P<0.05) (Fig. 1C) . Analogously, it was drawn from the tissues we collected that H19 expression within CRA tissues was sharply elevated, yet miR-194-5p expression was substantially decreased in comparison to adjacent normal tissues (P<0.05) (Fig. 2A) . What's more, H19 expression within four CRA cell lines (i.e. HCT116, HT29, RKO, SW480 and Lovo) exceeded that within normal colonic epithelial cell line (i.e. CCD-18Co) (P<0.05), whereas miR-194-5p expression within HCT116, HT29, RKO, SW480 and Lovo were significantly lower than that within CCD-18Co (P<0.05) (Fig.  2B ). H19 and miR-194-5p expressions were also negatively inter-related within the gathered CRA tissues (P<0.05) (Fig. 2C) .
Correlation between lncRNA H19 or miR-194-5p expression and overall survival (OS) of CRA patients
According to the expression performance of lncRNA H19 and miR-194-5p, the obtained CRA tissues were categorized into highly-expressed H19 group (> median H19 expression) and lowly-expressed H19 group (≤ median H19 expression). The identical population was also divided into highly-expressed miR-194-5p group (> median miR-194-5p expression) and lowly-expressed miR-194-5p group (≤ median miR-194-5p expression). The results indicated that H19 and miR-194-5p expressions were both markedly correlated with family (A) Table  3 ). The results of multivariate regression analysis pointed out that merely higher H19 expression, lower miR-194-5p expression, lower grade of differentiation, late AJCC stage, lymph node metastasis and distal metastasis served as the independent determinants for poor prognosis of CRA patients (P<0.05). Simultaneously, the survival status of patients with lower H19 expression or higher miR-194-5p expression appeared to be much more desirable than ones with higher H19 expression or lower miR-194-5p expression (P<0.05) (Fig. 2D and 2E) .
Comparison of proliferation, EMT and viability among SW480 (i.e. without metastasis), HT-29 (i.e. with LN metastasis) and HCT-116 (i.e. with distant metastasis) cell lines
It was drawn from Fig. 3A that the distantly metastatic tissues displayed the maximum correlation coefficient (i.e. r s ) between H19 expression and miR-194-5p expression (r s = -0.811; P < 0.001), and the r s value of LN-metastatic CRA tissues was ranked as the 2 nd largest (r s = -0.684; P < 0.001). Besides, HCT-116 cell line showed the most pronounced proliferative ability and viability, whereas SW280 cell line was associated with the least proliferation and viability (all P < 0.05) (Fig. 3B and 3C) . At the meantime, HCT-116 cell line was determined with the lowest E-cadherin expression, as well as the highest expressions of N-cadherin and vimentin (P < 0.05) (Fig. 3D ).
H19 and miR-194-5p regulated EMT, invasion and migration of CRA cells
H19 expression and miR-194-5p expression were, respectively, largely depressed within si-H19 group and miR-194-5p inhibitor group, when compared with NC group (P < 0.05) (Fig.  4A) . In contrast, H19 and miR-194-5p expressions were, separately, greatly promoted when CRA cells were treated with pcDNA3.1-H19 and miR-194-5p mimic (P < 0.05). Furthermore, si-H19 and miR-145-5p mimic groups possessed significantly up-regulated E-cadherin expression, as well as down-regulated vimentin and N-cadherin expressions (P<0.05). The pcDNA3.1-H19 and miR-194-5p inhibitor groups were reflected with an opposite trend regarding the above protein expressions (P<0.05) (Fig. 4B and 4C ). More than that, less (Fig. 5) . Similarly, the results of scratch assays and CCK-8 experiments presented that si-H19 and miR-194-5p mimic groups were associated with conspicuously restrained cell motility (P< 0.05) (Fig. 6) . On the contrary, treatments with pcDNA3.1-H19 and miR-194-5p inhibitor accelerated cell motility (P< 0.05).
H19 targeted miR-194-5p to inhibit its expression
We predicted the targeting sites between H19 and miR-194-5p via Starbase 2.0 software (http://starbase.sysu.edu.cn/seedTargetInfo.php?type=lncRNA&database=hg19&name =hsa-miR-194-5p&geneName=H19&autoId=1100&orgTable=mirLncRNAInteractionsA ll) (Fig. 7A) . Furthermore, consistent with the prediction results, the luciferase activity of H19 Wt+miR-194-5p mimics group was manifested to be weaker than that of control group (P<0.05), nonetheless, the luciferase activity of H19 Mut+miR-194-5p mimics group and psiCHECK2 group failed to show any differences from that of H19 Wt+miR-NC group (Fig.  7B) . Besides, lowly-expressed H19 greatly increased miR-194-5p expression (P<0.05), while regulated miR-194-5p expressions were unable to alter the expression of H19 (P<0.05) (Fig.  7C and 7D ). 
H19 and miR-194-5p modified EMT, invasion and migration of CRA cells through acting on downstream FoxM1
It was clinically indicated that FoxM1 expression was positively correlated with H19 expression, yet negatively correlated with miR-194-5p expression within CRA tissues (P<0.05) (Fig. 7E and 7F) . Besides, FoxM1 expression was significantly decreased after transfection of si-H19 and miR-194-5p mimics (P<0.05) (Fig. 8A and 8B ). The result above indicated that the performance of FoxM1 was controlled and adjusted by H19 and miR-194-5p. We also observed that miR-194-5p+FoxM1 group displayed over-expressed vimentin and N-cadherin, along with down-expressed E-cadherin, when compared with miR-194-5p group (P<0.05) (Fig. 8C and 8D) . It was insinuated that FoxM1 could reverse the reduced EMT process caused by miR-194-5p within CRA cells. In addition, the number of transmembrane cells within miR-194-5p+FoxM1 group far surpassed that within miR-194-5p group (P<0.05) (Fig. 9) , highlighting the role of FoxM1 in promoting miR-194-5p-suppressed migration and invasion of CRA cells. Analogously, the cell motility of miR-194-5p+FoxM1 group was encouraged in comparison to miR-194-5p group (P<0.05) (Fig. 10) . 
Discussion
Even though lncRNAs were initially deemed as biologically non-functional, they were later found to play a role in regulating occurrence, development, metastasis and EMT of neoplasms [27, 28] . For instance, applying lncRNA chip to study the mammary epithelial cell MCF10A derived that about 99 types of lncRNAs might participate in the Twist-induced EMT process [29] . In addition, lncRNAs HOTAIR, MALAT-1, H19 and BANCR could accelerate tumors' metastasis through activating EMT process [30] [31] [32] [33] . In the middle of the process, such interstitial marker proteins as N-cadherin and vimentin were up-regulated to enhance migration and invasion of malignancies, which were originated from epithelial cells [34] .
Intriguingly, the carcino-embryonic antigen gene (i.e. H19) was controversial in how it developed its cancer-promoting or cancer-suppressing function [32] . In particular, it was documented that H19 might motivate metastasis of pancreatic cancer cells via let-7/HMGA2 signaling [35] , and H19 specifically combined with histone methyltransferase (HMT) could activate Wnt-β-catenin signaling to induce EMT of bladder cancer cells [36] . Nonetheless, Matouk et al. pointed out that there existed a positive feedback cycle between H19 and slug within hepatocellular carcinoma cells, and the two molecules jointly modified the EMT process through regulating E-cadherin expression [37] . In this investigation, we presented that H19 expression was elevated within CRA cells than within para-carcinoma tissues, and this tendency has been confirmed through in-vitro studies ( Fig. 1 and 2 ). As for whether H19 [38, 39] . More specifically, miR-194 could suppress invasion of gastric cancer and liver cancer cells, and miR-194's interfering with the EMT process of tumor cells also strengthened this effect [21, 40] . Another investigation found that miR-194 might motivate formation of colonic neoplasms by targeting AKT2, and this effect was mediated by PI3K/Akt/mTOR signaling pathway [41] . It was also deemed that miR-194 could act on MAP4K4/c-Jun/MDM2 signaling to curb CRC progression [42] , and miR-194 also served as a regulatory molecule for the EMT process of CRC [25] . The consequences of this investigation testified that miR-194 was subject to the modulation of H19, and both H19 and miR-194 could synthetically encourage EMT, proliferation and viability of CRA cells (Fig. 4-6) .
Interestingly, the effect exerted by miR-194 on FoxM1 was suggested to be involved in the EMT process of neoplasms [21] , and several microarray assays revealed that FoxM1 was highly expressed within > 20 solid neoplasms, including hepatocellular carcinoma, pancreatic adenocarcinoma, mastocarcinoma, ovarian cancer, lung cancer and CRC [43] [44] [45] [46] [47] . Besides, FoxM1 was over-expressed within actively-proliferating tumor cells, and it functioned to facilitate cell multiplication mainly by regulating cell cycle-specific genes [48] . For example, up-regulated FoxM1b expression could accelerate tumor cells' transition from G2 stage into S stage [49] . Furthermore, over-expressed FoxM1 not merely urged shaping of EMTrelated phenotypes, but also boosted expressional alterations of epithelial or mesenchymal biomarkers [50] . The serial actions have been specifically verified within hepatocellular carcinoma, pancreatic cancer and lung cancer [51] [52] [53] . Consistently, this study demonstrated that FoxM1, which was regulated by H19 and miR-194, acted as an oncogenic parameter for CRA (Fig. 8) .
Generally speaking, the current study revealed that H19/miR-194/FoxM1 signaling pathway was essential for the development and aggravation of CRA, providing clues for developing diagnostic biomarkers and treatment targets for CRA. Nevertheless, several shortcomings should not be ignored. First of all, this investigation did not adopt animal models to verify the influences of H19, miR-194 and FoxM1 on CRA development. Secondly, additional intermediary molecules between miR-194 and FoxM1 failed to be investigated, which could more directly act on CRA pathogenesis. Finally, tissues of other ethnicities should also be investigated due to the different results arising from genetic distinction. To sum up, additional researches were recommended to remedy the above-mentioned gaps.
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